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CRYOFRESERVATION COMPOSITIONS ANI> METHODS FOE 

The inventi M wmm&te m least m part with a gram from the 
Gaverm^eiit 0f the OnitM Stales of America (grant PO ! 4CD32SS2 from the 
Maiionai festitutes #|Je#IK|: The Govemmeat may h&y$ to Ife 
5 invention; 

Lwnphocytcs have been studied extensively lor the treatment of solid 
Mm&m and viral iri|eet|ot}s t as an adi uviiiit to bone? marrow ira^^iaBt^i0B r and 
for the tetoait of genetic diseases; Ear eMnspfe early imiiiunatiiOTpy studies 

10 for the iMateajE of inete*oma md renal ceil ciro note focused on I;ympli0kii^ 
activated killer (LAK) cells or tumor inft toting .lymphocytes pits) 
(fto^ f 987; Rosenberg, J 988), cytotoxic T lymphocyte 

liia^laa^VttSed: : fb* i^ief -tSP^a^i^ of AIE>S (Kaeriig, 1995; Tdrpey, 1^93; Inefefc 
! 998), and doiiar lymphocyte m fumms m wm& after aJ ! dgeneie Mae marrow 

15 trMspiant to €^il^Me grai-yersurt^ effect artel to retee fee potential for 
relapse^ 

lynTp.hocyt.es (pBLs) have been used m clinical trials for the fcatae&x of wmm. 
cmMnM immune deficiency caused fey adenosine deanimase (AD A) dofieieMy 
(Bfasse> 1995), and a variety of other iymphocyte4msed therapies &*ve feecti 

20 proposed, includ s ng transducing the herpes sunplex vims 

(MS V| thyinid xm t&ase f f l£) stdcld e gene for altegenelo hons marrpw 
feuspI«atiOTt ppniruv 1997) and &m introdiictloh; 
CCTL$J di^t (Ka^akann, 1 99% 

Cryopr^se»i:i« ofeeJIs feth^ 

25 is important for the clinical apphcatlon of e#^h&ssd terapies. 

G^ppr^^ peeling of cdk to mmh a tfterap&ik #se, and 

facilitates safety testing of Wth i&e cell product and any agents, snch &i 
recombinant viral vectors or I iposttm&l • delivery '•vehi6k$i r tjsed to genetically 
•modi^ as ti^e genetic mMi fixation ahdfer e^ 



cells for therapeutic use May jt^qtiira day $ to weeks mr mmpiMm of the : e.r vf w : 
culture pmf ocol , 0170^ facilitates ihe eoordi&atioft of eglltdat therapy 

with donor care. 

In the method Biost cosruTO% used $br the ery^ 
5 tnam>w, penj>haml: hiood IjOTphacyias ( PBLs) are r^uspended :m & 
Ciyop^servation medium cOiitaiH&ig } 

autologous p^aftrad- -aejt liaafc ? S^b^an6e^;i8&l* (itowley, 094; 

1998} M$ cooled M l :? C/miTmte, A second mafeodi mv alves Jeezrnt 
fy mphoepes i& a 20% glycerol lolutbn s upptem^tei with autologous serum 

10 viability over tie stan<lard BMSO 

pratoeal. GJycerol-based epopteservatt m m 1 htions have also heen repoTOd M 
lietoatopojetic progenitor cells (U.S. Patent No. 5,739 ho\^ver^ giyceK)] 
lias fewer peiiBa^lity. which increase the diaoce i "rfetir ; : efetl-' Jo*S : ;.-fos^rafil osmotic 
stresses, Altho ugh Oliver el aL (WO 97/3$4?2) relate to a mmMmi i m of 

15 arab togaiEOiffi aM coil c^tere media as useful as a sty opr&s^ 
the data was ofetaMed from eel! tkes, not primary eel !s> 

DMS0 Ctyopreservation involves the risk of DMSO-as5ociate<3 toxicity, 
particularly when? cell Mnsfer tferapy is hwol ved. For ample, Zamhelfj et al. 

W arid detetifeed that fc amount of i)SlS O preset)! m the grail is retat&d to the 
grade ofioxieity. Davis m al (3990} found that almost all patients who received 
eryapreserv^i autoiogotis cell grafts exhibited dyspnea (83%), decreased hsap 
rates (98%), and transient hyperi^iisj otr (96%:) : which were attributed to the 
iiifusion of BMSQ. Qhptrie renal htixm aa.d second degree heart, htasic were 

25 less frequently ohservM. Similar reside w ers ateerv^d in a study by Stronoek et 
at. ( 1 991), who '"found thai Mii^ principally nausea and 

eMltv were assodpsd 

Moreover, in pediatric patients, higter levels of naosea, vonrdhig, eardiao 
arrhytfaia mid hypotension are noted feltewmg iramplaht of eryopreserved 
30 hone pmTOS^ (OJamolo^ 1993 ); Sites most I vmpfeocy m %mapm r^qm^ tie 
irtfhsi^ on a regular bask, the mm e el leefe M PMS® 

M oamulative. 
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The i0§i®g^mt of sy^^ mi the only issue in the 

^m^ptMt^ Mwy^^^Mifyn protocols ior iymphoeytes which are used 
tlieiiip^ Eeeeftt stadfes indicate that in viim ettiture m$um\mstM 
"^^j^jt&^m^ of celfe. For example, studies of i# -^^"cs^tosM- 

and feiraeell u lar ke:#^«t?o«, ehar»teristie$ of the w M0 tisnced by & 
culture (Hubel> Spseifie&My * suborn wmm trnmpm <Mrmmwum of the 

cells and postSavv vj#i!tty were influenced by irne m ciitore:; 

T Iixjs, what is needed a crydpr^matiau' ^r»posiifen> tfc&i .fc tto&^dxsc 
W -^;m^0Mi-i^^S^- &m desired v iaMlity mtes fa eryo^^ 
lor &e!k}&r ihei^jy, 

The present iifv^tition provide^: .a : cryopreservatioft iBedRtm fe 
liemaiopoielie eelM whieb mcorporates a balanced electrolyte solution with m 

15 least one cryoproteetive agent thai is arabmogaiactan (AG), or a bioiegi cat or 
foo&iial equiyatet .tereof; the eryoprotecm e agent(s) is present in the 
cryopresemtioii medium in m mmimi &ffmivg to promote a high survival rate 
for tile eiy^preserved cells, Ptefe&hly, ffie medium does not comprise DMS© or 
serum, although purified protein. e,g M hmxm mmm albumin, may, optionally, 

20 be included, in one embodiment of the invention, the eryopresereaticm medium 
cldes not comprise protein, In yeranotber embodiment of th e cryopreservation 
medium of the invention, the medium comprises glyeerot e.g., about 0.5% to 
about 20%, preferably about <1 73% to about 10% y more preferably abotn ] % to 
about 6%, and evmi more preferably about 1 % to about 5%, voltOTWvotoe 

2S (v/v). 

fedeSne^ 

sf#b*o|^ isolated of thg geims 

lara- preferably wnh a purity greater than 95%. the m0ieoular W 
ar^blijog^i^aB in one embodiment ranges from ^boiit ^000 to 2 X 50%000, 
preferably torn about I mm to i&dut 30,000, and m$re preferably tt>m about 
1$>W to about 25,000, Preferred aniounts of ' ^abktogal aetati are afeottt t% to 
feer^ preferably about 5% to afeoM 35%, Mid syeti itvore preferably 
1 10% to about 3 6%, weight per volume (w/yi M used herein, 




^arabinogal^ equivalent thereof - Includes an 

agent that is useful M a herna^^ietk cell ^ryop^teti ve ageu^ .M. lacks tke 
fevtotdxic effect observM in th^ ¥ litis, ar^iBOgalactM, a 

bio logical or a lunctMnai equivateut thereof deludes natarfly oeeumog or 
5 syntheds m'^nrngMm tan, portions e^ arrfn» as degra^ign 

lOTdnets, andehe^ 

m£ $M^9$% W&tt are Incorporated by mfeimke teem) or 
bi^diemfcMly modified arafe or portions thereof wMcl ii^e been 

modified mmg methods available in the art, which are eflfeeil¥e m a soinatfe ceil 
i 0, cryopresemti oil ipi» to protect: somatic eell i ability pr^pdrtfes upon 
feeding toc! thawing of ^apatic aellg m the Medium-, A ^lit^is^iMV^Jaa***-' 
means that at least about 40%, prelferably M least about 50%, mare prsferafelf at 
teasi about 60%, and even ntore prefe&b Jy at least about 80%, of cryopi^sferv^d 
c ell s « viable upon tlawing, The invention thereto^ to store 

3 5 and transport cei^> e.g., adult hematopoietic ceils such m S^iTpbocytes, or fetal 
or neogala! fematopoiftfe :stfcs& or p ro geti nor cells, which permits physicians aud 
•ta rural areas or foreign countries to benefit from cell alar therapies, and 

i oppoiiiiixity to test doMr cilfe for mfec&M agents, 
Breferred liematt^metfe ceils 
20 Pood !yi)iphoc^es s : ^;g., freshly isolated lymphocytes, aerated, e,g., 
biologfealJy activated, ^p;I«yies, or gen^ 

^ft0Ugh the cryc^res^rvutio^ m#tuni of the mvemion may be 
^inpioycd with any pri mary cell or cell line. In mMm cm to arabmogalactan, a 
felobfi eg! or a functional equivalent th&reof the eryogmservaiion medium 
25 peferab iy felt her eoinpri^es a exy^prot ecti ve agent 

ni^nfeue, & giyeero I m progy I ene glycol, 1*M mediuro may also comprise a 
cryoproteetiye agent other thafr arabmogi&ctan or ^ biological or a innctiouai 
equivalent thereof ■ winch does not penetrate the edl tnetn brane, 

f he in^eetidn; also relates: to a eomposniou suitable for adnn siistradon to 
30 a|u^ 

q4% in a ery^pr^ervatioii medmm comprising a balanced electrolyte solution 

a| least ^ that Is ^ihi^ogalaet an, or a hldkgiqal m & 

iutiei&pai equi valMi thereof , l^refembiy, the t^mpo^tioit fe«p|i ses between 




■■■khpiili 't- P 4 to S i ltf cells/ml It is ; .j^eiferK^d-i Sfe^l- -tfeieE: -0^^|><i^itio.]aL- is 

Mm a method for peser^l^g; 

hematopoietic $01$ fey comae ling the cells wife a ery 
I ^ompdsmg a feateoei ^lectmlyte solution and M temt one cr^pro^ctive ageht 
that is araMuogaiaetaru w ■$ btoiogicai: <>r a toe'ton thereof, td'yield 

a cell suspension* which is suh&eij ueiiife $$$ett to yield a iMMri fefell s uspe^siOB 
Fprtler provided Ls a frozen edl-co^ prepared fey fee &My$ 

described method 

figure I depicts p oreent cell recover/ as a function ;qf : a^i^0gal^aft 
I AC!) coneentetiOT Ibf PBLs &mm at S-C/miiute m, a sotetion containing 
Isoove's Modified i)ulbeceo - a Medium {IMDM; S igma, St Louis, MO) ~* 1 % 
glycerol t x% AG. Error fears ind i e ate the standard vlatitan o f tie 

IS nieasurerneiiL 

Figure 2 Illustrates percent cell recovery as a fiificiion of human ; seruni 
alfeuMto (HSA) eonceoif a&n for PBLs frozen at 5^C/minute in (X) 25% AG 
wife or without l^SKSA, Md (2) 25% AG md m gymtoi with or without 1% 
MSA, Error bars mdie^e tfee s^nd^ devllgoB of te me^ir^ent; : 

20 pgiire 3 depicts psre^rit cell meovery for FBLs from a normal doftor 

cryop^^ glycerol 1 5 w/v% AO with 

IMPM or MonBoso! as tte base of thp cr\-opreseryaiion Mliiiong; |M cells 
wem itaW at a eoolfeg ;i^> : of 5^£^iii^v. 

Figure 4 shows percent recovery for T*8Ls torn 3i;omia3 dotiors 

25 15 w/v% AG 4 ' x v/y% glycerol IMDM 

as a imcidii M e^lihg Me. Error bars fedteate the standard, felatto of the 

figure 

erydpreservM after i and 3 days i n cufeire usmg £ 1 ) 10 Me^SO. cooling 
30 rate (B) ^ I ^GMiiiuie, and (2 J 3 : Wv% glycerol :4 I S w/v% AG ^;M^^6|^t^ s 
B - 5*CMtoe, Error bars Indicate the stated <Jevaati6?i[ of the iBeast^e^ein. 



f vmm or 'Itrfeibie-grsM' rsfer to compounds, 

cbenneatev solutions, eon^osib ens , medi mm r agents, proteins or snspen^OM 
I that are km wn to be safe, or teg been datiOTtMe^ to |e safe for h mnm -m^ 
e,!^ by mi60^:i^^^^. mi ■ 

iriixsiari or infection, by a 0ETted States regtdatory agency, e.g., the FDA, 

f he term v 1?aJaflead to mfers to bafenced salt solutioi^ 

composed prim aiily of morganic saftSs They contain n0 Mtlmicrobial agents. 

10 iManeed salx soMpns are used for ibid electrolyte refMae&r^ 

washing tissues and cells and m dlta*& tor treating oel 1$ and tissues with 
various agents, while maintaining a physiological pH and osmotic pressure, 
E&atnpM of ciec trolyte base soluboris wMn t h e sedp of the b^^^ 
but are not limited to, i&csated Ringer's solutions p1^matyie-A tM . % Normosob 

iS Vee^p^* y Polysai®, plasma expanders mieft as 5% Dexban #, 

and II ank's Balanced Salt Soimlon (free from phenol red) . 

The term ^ety^raservatte medhmf' re&s io a liqdid medium (sointion 
or suspension |, eapabJe of niet^oism of Isolated cells 

^gamst urjiiry assoes MM with freezing events eite within or ex terior to ibe cells 

20 and tbatk for mfiissoa or injection Into humane The term ferfer rete to a 
rnedmm (;so 1 iiion or suspension) conMning components , including 
mym Q^mmmm^> determined or known to be safe tor kmm It^mm 
or infection; Pretlrably f the medintn ( solatia^ or siispeasi on), and agents* 
caniponen ts or elements of the medium are approved by a United States 

25 regulatory agency lor infeion or ln|ectMj> into Mmans^ ^g,,:M : stidiue' (50 mM). 

u €i^qpmteetive agents" *'. are agents ibit are capable of conferring a degree 
o f etj^pr^tee to cell structure and nM&feo& fee&i ng, Ctyopmtmtim 

agents M&m tfce sedpe the invention include arablnpgalaetan and b Moglea 1 
add % nctibml eqmvafenis teMC giyoerol propylene glycol, and gbnnnn, ¥g<>, 

30 bnma^ plasma or serujh. &^n|s ^ 

|^ 
e^<^ 

b ■ 



The tmra >s stem ptiV^t cell^ n?£er^ io a population 

af blood ceils enriched m plttd^ uncommitted to a particular 

eel I Milage and i&P sM Bty W seli^n^wal and li te abili ty to 

differ OTti ate into a specific linage, mM m ^mm&mi pfogeiMt or 
S l;V5iiph0t(i stem cells, which pMu re into E lyBipoc vtes, 

$iipf old or ^ryth which mature Into red Mood eelk, gmnuldcy^s, 

monocytes and megycaryo Memativ%^^ 

MemHfepolstic ceils can be obtafeed di reqtl j^fe jft: a p&tienl Of donor blood 0r 
Mood fidnni &g h s s«e% & g> s p m phera I felood, bone iB&rro w , # nn#iheai eord 
10 Mood 

The temi %io^ «fe to any ceil ;f6:Ms4 ;: l4.'&t«^- or Blood- 

forming issiios with aiuicleus which is not segmentedy These cells nrnge from 
very primitive undlfferenh atod cefjs to mafare cells, indiide but are not 
limited to piuripoteat stem cells* comniitted and uncommitted progenitor cells, 

15 lymphocytes m& monocytes, Monoi^c 1 ear ceils can be obtained dirwiiy form a 
mamnmlte donor source or a heroasi vely fix>ni a hlddd pixsducf source.. 

The term ''physiological pff refe to a pH, which & the measure of the 
acidi ty or MfeaHMty of a sohiho s or mropo^^ e«*%asses 
a . neutral range of aboiit 6.9-75. and more pre&rsfcly about 7 J. T, 5; and most 

2d |>re&ra&1y ahoni :t 4-7,1 

The terms "tissue eidtiire media components^ or "eel! eulitire media 
componem^^ refer to known components of mmm or cell cnktire media. Such 
media inei tide REM! 1640, 1MDM ? X-^ ! V 0 1 0, a MEM; and other 

known tissue culture and cell cuHure media known to the art These media, in 

25 addidoir to Ihft small niolecides, usually contain one or mdr^ speciSc 
proteins that most cells require m order to survive and prolifemte in culture, 
TOese irictode growth factors that siimtiiate cell proBferttlon, and trEHislfe^in, 
which earner l^n into cells. Several of these coinponenfe ate ^^^ : ^%mm : : 

3 0 The imn %iMogkai activity*" refers to the virility or acti vity of stem 

Ml!3.motiGnhcietr cells and otiw hernatopo tetic ceife removed from or 
contained mtUn a suspmston w c^j?Teser^ation roedi urn that have undergone 
a ^^ty# ep|e or e vent, as compred to &c visihilhy or aeti vky of $0$ that 



have not ur^gonc a Iree^e- thaw cycle or mmi. Such viability m mtmtf cm 
fee detomilned by assays such as those discussed hereinfcelow , Cell s bayi ng 
Md^rgon^ a freese-thaw cycle or event m m$pms\m m the present media haw 
at l®0 about 20% to about 40% viability or acti vity w&em eompaEed to mm 
5 i^^/caiis, preferabiy aboiit 4 ! % to about 55%, more preferably about 56% to 
about ?0%, and laps* preferably ahoat 71% to abcmt :.S^:^^i-Jit5if; or hi ologfe&l 
activity. 

The term "viability assay" refers to assays available to determine the 
viability or biological acti vity of moJioriuclear cells, stem and other 

1. 0 hematopoietic cells aid the pem«age recovery of viahfe &t feiologloaHy aette 
Mils removM Ifemi m contained, within a suspffisku or e^ojp^erv-atloir 
rnediurn after a S^eeze-thavir ^eyele or event Aliquots (torn thawed s&mjMes cm 
be tested by U } membrane integrity assay using fluorescent markers such as 
acrid&e grange (•'AO'l and propidiuni iodine f ■ W% (2) a total cell count assay 

15 via a heMoeyioirieter, or (3) proliferative capacity in culture, e,g., m liquid 
eidtut^ media m m methyeeiliil&se; 

l%eto^ and speed, e.g., 

^Otauiutev i cell Mspemi Oft is cooled ate nucieahon of the e^tracel ly lar 
medium or solution , 

3i -feeze-thaw eyde or mm£* refers to Mhj ecthig a c^pmgervati on 

HiedititE con* atofeg a smpadort o f iHQWimctear eel Is, $tem cell S: and other 
tt^Bat^Qistic cells to a eoo ling or fcetitp method^ ^ regime? at least 

mm, and then sibsequeiitly spbj mmg it to a wanmag or thawing method, 
protocol or regime, 

25 file temr "'eel! sii^ensio)!' J refers to a population or eonceniralion of 

mortonaekar cells, mm cells or other hematopoietic cells m -a etyopreservattQh 
niedkmi in her a liquid or frozen state, 

The pr^seiit invention provide cryoptes^atioii 
cdmpoi d« C0mprt^| a p#ysaec|^ ahd a tMthod of 

30 u^ihg eompositioB: A com^sitioii of the invention |br i$se in the present 
invention may also include arr agent that ^elt^tes die cell mernbrane> su^h a% 
ibr ^aiipl^ glycerol orpropyierte glycol , Sueh eryoprote^tiw ag^rjts «e 
known to t|ose of sjfcfj I m the art, An alternate embodiment of tha Invention, 

8 



wo Mfmm ^m^m^ 

ibow^et* is a of^op^ssr vaiitfft me#ui$ with sit fei$t one -,i^y^Ps^6^^^Std:. 
tfeat Mm dot pmettM^M^ c0 membrane ^refeafel^, the sryop reservation 
eonipMtl&n does ml include DM SO #r n mixture of proteins* e.g,> semm > 
Dip 

5 Aral? inogatetmi$ are otei&ed from the cell wall s of eex&isi pl&its, |>MtCu!ar3y 
ihf Aximmm Western larch pM^knmii^ Ar&hm^ tarn W#to 

kreh hm pmionM y Mm used as a binder, slab $rm, and emulsffier in foods. 
i^ablMgaiHcmii derivatives #idprad»^^^ (U,3, 
EMrat Ktofeer SM^Sm mi Mmm ei at; (M$, Pat eat Camber S ? |l^$6f | *m| 
IS are included withk tfee scope of -arafetog^lactoi and Si^logica;! and toctioj^ii 
^qiuyalerits thereof," 

cry^ cells The medium deludes & 

bailed electrolyte soimion, the b^aneed efcrolyte solidlon being mmpmM 

iionnal osmolality, w&ieb :tecd]qp'0.^ites the • cryopKit^cti^e' &gep.t ambiinog^actam 
jftay iiioot|>OMte ohe or more other -b^o{^epHv^ Be medium can 

fee used for preserving a variety &f Mfe, irt 
The cells may be feMy isx>Med !ym^ stem cells, activated 

Me Mventsoo also provides a eo 
heMat^po^t?0 cells in a eTyope^afc medium, the eryopeserv atscm itiedito 

ci^oprotec m% molmdliig arafelnagaiaatan or a tdoiogieai or i^Ectionai 

as esft#Menrtte^ 

lymphoeym activated lymphocytes, 

ge^fcaiiy modified lymphd^es, or a combination diemoTfe any ma^mai. 
partie^i ariy a IxuiMe, or a bovine, eamne. Mine, oyme, mitfe, por#i^ y espr i ne s 
o£ equine. The eomposi ion can fee tn& sible, a&d prelfembly does «i eantam 

30 iSMSO. Frefer^!y, i|e Iralan^ do# not include pMeip, 

por 1$ % m ery^ wtte or in part # 
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In the method of the peseitt inveiitioB, !iamat0fme4ti# or d&er ceils are 
cryopr^seTOed by C0i5ta#i tig, &g;, : resuspeiidi^g, the coils witfc 
medium of the bivenbon to yield a cell su^msi oil, ■ Ilie Mspmsib^ is 
tepi, asing techTiiques sueb m those described beiow. The ceils to la 
5 contacted iuciude, bw urn dot limited M; fttdtty isolated lympU&cyim s to 
ee£l% biologically modified iyotphoeytes r e.g^ activated lymphocytes, 
genetically mo&8ed ly^koey^, or a CTObmatioti ifcer^f from m^mmailM 
liood or other tissue, pm&culmiy from h wnm blood or tissue. 

The invention a! so provides a ftroen composition = 'fepaM^t 
I II dec te so Wiotr S ri eomblnMion with fit 1 east one crppr^ fiMt ve agem md 
tenatop0ietic ©ells, • e;g^ peripheral Mood ceils oriion^ma^o^ derived ceils. 

frozen eorojtosition can fee formed by placing the hemopoietic cells ^ 
admixture with the baMced ^eot^lyte solution and the at least one 
mopm mcti ve agent, ? mbinogaSactiii or a bi ologieal m taothmai 
I S equivalent thereoE 

fop ^ cells may fee pneHe&ly altemd tiding a 

va^etyofmetW T tee m^hodsare 

geisesaft^ fbur rmgor categories: (!) vi^ 

0f I3MA or RK^ viral vectors, such mrmmmms imeludrng ttiivimses^ 
20 Simian v<rus 40 (SV40), adsnovirns, herpes vims, alphaviruses, e g,, SiMbis 
vims, a^d b^ 

c#lum phosphate ttan^ t$<Mm and I3E AE dextr&a tramfcetiourndhofe p|. 
^^mbr^ri? &$Iob tmns^r^ using DIN A-loaded BiMbranous vesielos such as 
liposomes, red Mood cell ghosts, and pi^tDp&sts, for example: and |4 ) pUy m$ 

25 transfe tecbnicjiie% such as irdcrdiry eetiori. efeclroporatiofi, or direct ■ ■ -nake<r 
BNA transfer. Insertion of cine or mmt pre-seleeled ©M& sequences eaa be 
accom^Msbed by totioiogous i^comhiriaiton or vM integration into the host 
cell genome. The desired gene ssquenc $: catr also be ineor^oraie<l into the cell 
;prt^^ using a |>tesroid e^pressib^ vector a:iid: a wclear 

3(1 loeafea^ 

Have beeir dese^bed in the art prtodeir fet a.L : 19991 

GMmm phosphate tm*sM*» wich telies on precipitates of placid 
ON A/ealcium Ions, cab be used to ihtroduee piasmid p$h c«aibing a target 



gme or ^ Briefly, 
plasmid DNA W mixed into & solution of caMuHi chloride, -Mm nMM to a 
solution which has been pfe^h^e-btifeed, Qiiee a i^^iisi^i Ms fmm&< ih& 
sdiufen is added directly to cidtured cells TreasniMt wMli or gj y^ero! 

5 can fee used to improve fraiasfectiou efficiency, and levels of stable frausfectams 
aaa topro vM using M^hydr^ Mhttas^i fotiate (BES), 

f ^Bsfeeti0ii agents should fee removed fey gentle waging prior to contacting the 
■ MM with the cr yopmservmi ve tttedi «xn. o f the pj^sent MveatlDa; : Calcium 
pb:0$|3fii^ system 

IDBAS-dfex mm t ransfecii on. which is also known to those of sMi! in the 
art, may fee pr efer^d over cMciot pfeospiiate tOTstetbn w&re iMnsimt 
transfecilon is desired, as it H often more efficient: 

Since l\w ceils 10 be eryopreserved are isolated from the bo dy * 
IS microityeetioti can fee effect* ve for transfemng genetic inateii&l ihto the c^Ifc 
Briefly, cells arc placed oEto ft e step of a light microscope. With tiice aid of the 
iiEiagniieatiOB provided by the microscope, a glass miefop^peite *s guided into 

provide del ivery of the desired genetic material directly to the Mcleus, avoiding 

20 botli oytppiasOTe aiid ivsosooial dfe 

Where hematopoietic or other progenitor oelis m to Be cr yopreierved, the 
te#tdpe may provide enough genedeal ly-atered cells to farther epsdi 
cuiture prior i® or after eryopi^servaiioti fey the method of the present iBveittioii. 
liposomal del ivery of I3NA or RM A to genet icatly modi fy i^e cells cm 

25 fee p^rfbrrned tmh^eatioM^ a siafele complex with the 

polynne I eotide. For stabilization o f the Hposoriie complex* dial eoyl 
phospfeaddyietb^ f I>QPB ) or diokoyi phosphaddyleh^Mne (DOPC) can 
be added A reeommeaded reagent for lipDsonial trasisfer is Opo feting which 
is eonimem^ ayaiiafele, LipofeetlH*; for example, is a irii^tore of the eationjc 

30 llpi^ ammonia chloride and 

Delivery of linear gmm id $0fa$£^J$$i» be aceorhpli WM fey 
lipo^mes, gtnd ead provide advantages due to ffee fact eaity 
larger pmm can general Jy protect the poiyBMleattde from degradation, 

il 



&hd cm he targeted to is^^iJjc- te&1l's^^r;^^^:6ssfc. : A imnib# of 
spterns relying on liposor^ m tnm^m^f 0mitib\$$. 

■imlMm^ Eftmmz m (Qi^gen), DOT AF (Roche Molecular 8 ioehemlc $U% 
FuGene 6™ (Roche M^iectiiar Biochetriicate), and Traasfeetan^ (PronaegaK 
5; Cationic- bpM-niediated gene transfer efficiency can be enhanced; by 

incorporating purified viral or cellular envelope camporiCnts, such as' the puriikd 
G |1ycopmiein of the vei oular ^feaiitp vims ^yeloped ( ¥3¥ >d m the 
p et h£d described by Abes et al { 1 998), 

Viral ve&tots ear* be used to genetically alter cells prior to 

10 cryppr^ Viml v^ec tors $m be used to deli very one or more tarpt 

^oiyrjucteolidef ; s antisense mokcu to, or So^pe sepew, lor example, btd 
the ceils. Viral vectors and metlisds for uskg them to deliver DNA to cells axe 
well fe» 10 Sio^ tJie art Examples of viral vectors which can fc& 

u&£d to gene&ealiy alter cells prior to eryoprese^ include, hut are not 

IS JiiiM^ to, ad^Rovirai vectors, adeno-^ ymtom, retroviral vectors 

liridiidiiig fe^vimiv(sc£ors|, ajph^%r^ and 
herpes virus vectors. 

Retroviral vectors « mpt « 
divMmg ecll% although a mnnher s f retro »l vector have been developed to 
120 ettectively trarisfer DNA mto nmM viding cells as well (MdcM^nki et aL 1998), 
Baekagmg cell limes for retroviral vectors are known to those of skill in the art. 
Paeka gmg eel 1 iMs provide the v iral proteins needed for e&psitf pmim tion ffld 
¥331011 maturation of the viral vette Qern^ 

e^v retroviral genes. An appropnaie packaging cell line is chosen from among 
25 the known cell lines to produce a rctrovtol vector for transfer of DNA into 
teatqpoietie or other cells prior to cryoprese^adon using the method of m 
present in^eiition, 

Sneeesslil traBsfecilon or traipductton ii^natppoMe eelts priar to 

30: known lo ^^^f^i||.^ the m. The gt^en 

v0imm, lor example, can pmrl :de an effective marker &r Ide^l l^ing and 
^cfeing gepelfeaily modified henvatopoletic cells in eejl transfe 
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: £fy<$$i£0ty tikm Is the -$f esery ^iteit celi struciiu-^ M(l metabolism 
agamst injury &ssockied with freezing everts within or anmuii the cell . Natural 
pryopro techon mm result f r ora adap& ve metal^&m of $m m^Mumn^ with 
5 chaixg^s in celhiiar stmcture, cdmposiiioa ^0 d metabolic b&i#ee .|iv|ijg to 
enhanced toi&^ l& Mfo^^ viability or 

The first is to ufe^apidiy coo! the sampfc, resulimg & the tissue fluids being 
vMil^* 0ozm in the : absence of ice crystals. The second Is to incorporate 

{ @ speeiie additives, : e% : g,> : cry opro tecb vc chemi eal sw agents, to «fe a degree 
ervopmleetieH, 

Tte first pmcessmg step 'hi the erTOpr^serva^ 
ste*n mils aud other heftiatop<)i etie cells must be periMmed m such a -wiy a$ to 
satisfy/ two essential criteria. First t lie cells must ?ioi andergo irovei sib I e 

15 linage due to the muhiplkity of changed which occur within .$ sample dutmg; 
coo! iug> These ehauges tueJude meebsnio&i damage due to ice fen^af ion. cell- 
io-eell &sion due to \M decrease in the so l ute vo j uui e av ailabfe 
acidity (pH) a*id sail or solute coneentratmns due to tte segregation of solute and 
water, Second , the condition of tlte sample fello wliig coo! m$ must be 

20 &ep paiibl e w ith subsequent thawmg and in ftsi mx procedure and requires 
specific attenlmii to parameters such as sample si >:e, ice forms created, and the 
Mure api or exeipients in satisfying iMm p*&> 

emena, the cry oprcscrv ation process represents a ba I anse l^mmn the use of 
c f^opreservatiojtr nTediuU'is md cryoprotee ti ■ ve agents, to m kmmm changes 

25 during freezing by chemically increasing the vol urne of the ice free mm for a 
given cooling rate, and the coohog/'free^iug method, itself ; 

ei yppresen-atiou medium of the ^^^t^jat/i^^.^tiii 0$it :: '^mp ; t^y# an 

3© .soimbrt Plai>.m^lAie-A ^Useove's i&S Islomjo^ah 
¥ e^ti-B T ^i Fo|ysal€- aud f i aul % Balanced S alt So hMm Ummmng #b: 
phenol red;). These base solutions fefoM^'^ eoi^pbsith^ of 

gxttieelJular i-uartBBallan physiological fluids. Nocmoso!-R T *' mi ls€ove% 
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Modi §M B&hmm % MMMm m& t^mmS&M& of the most prefer 
electrolyte solutions lor a^e in th« pf^sept iiivailioflv 

L&etated Ringer's m 1 u don is a sterile sol Mim M mMxm cidomte, 
p^tassito chfcaride, aad sodinm ikct^ m wMm saiiableibr 

5 injection* Lactaicd Ringer's solution contains about 130 niEq/iiter ofsodniiii 
tM&h- about 4 mEq/li ter of potassium (K ), shout W9 miq/iker of chloride (CI), 
about 3 mlq/f to^ 2S mEq/iiterof lastaie, and about 5 

mEq/iiter of giuMse, (tacMad Rjuger^ ml Mon is eooimertially available 
from Bmm, %i^d Divj 2B2073}; 
10 f l^mLvie-^ * is a nou-polOT and contanis 

eise^tial salts and uutt#uts similar to tfeom 

p&t oon sain additional &qu stituents found in tissue c u it ure mMi urn which are not 
approved for human iufusion, '& : g* phenol i or are imavaikble In grade, 
Plamal >4e^V^ contains about 1 40 oiEq/Uter^ (Na), about ,5 mEq/lher 

15 d£ p<mmmm (K), about 3 mEq/lHer of magnesium (Mg) 5 about 98 nsEq^ter of 
eBloride | CI), about 27 niEq/ \ iter of acetate, and about 23 mEq/btef of gluconate, 
f PlasmaLytc-A^ M is oorwerola ilf available from Baxter, Hyiand Division^ 
GjOTd^fe CA, product No, 2B2543), 

lspv£ ' s ModifM Bufboeeo's Med ium pMDM) is a sterile solution of 

29. rateumi chloride potassium ebbtide; and sodium chloride. (IMDM is 

co&nmera ally a\mil aMe from Gtbco. Catalog No, 21056, w&ich km m pbenoi 
imlK 1MBM contains about 1.5 m£q/L of cajemm (Cal about 4.4 ittEq 
potassium (K>* about SO mEq/L cbtonde ( Ci), about 3 14 mEq/L sodium (Na), 
about 0.8 oiB^/L jnagnigsiiun (Mg), and about 2 3 ruBq/L of glucose. 

25 Hotrod of niagnesiuui cldofi de* pota ssjum 

ebfottds, sodium ohioride and sodium acettift «d also Mntams gluconate, 
Kormosol-R w contains abont 140 mEq/Jkor of ^diunr (Ha)>5 niEq/llter of 
l^tassitim fE), 3 inEq/bte of magnesium iM§), M mEq/liter of eblMde (Ci) ? 
2 3 and S m B^/Mim M 0mom |Ho ji»so!-lJ M Is: 

30 ^orn^woial if wail aMe from Abbott tabs, C M mm product No, 7961(B'}. 

V^ip^n- a sterile solution of eaidium ebio^d^ potMsium ^blondl. 
s^dnnn cMoride> and sodi urn achate, and fedfjmius about 1 30 mEq/liter of 
podium p a}> about 4 tnEq/liw of ptgssmm M&U IW nllq/li ter of 
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chloride (CI), about 3 mBpyhfer b£ MMmw(C&%, about % 1 grsmx^ifer of acetate, 
and about 5 mlcj^Htet of glueose. 

Boty^llD; ts a ndnlmum essential tissue culture ptedium f 'MEIvf '1 that is 
a balanced polyiome electrolyte solution and cotmm about 140 mEq/iuer of 
J- sodium, about 103 liBpitel of ehfer ide, about 5 nig deciliter of calciuui, about 
3 tug/docl liter of magnesium,, and about 5 S niEq/l iter of acetate maintained at a 
physioiegfeal pf E |Eqiysal®: is c^m#etcl4iy; '^^^^■^^^^■M^$!^^ 
Emeryville CA). 

Hanlo s Balauced Salt Solution (containing no pheuo! red) ("ICBSS"), 
10 eootatns me inorganic sabs potassium chloride (KClh about 4 gMlerypotassinm: 
phosphate monobasic {KHjPOJ, about 600 mg Iner; sodium chloride 
about gQ: filter; sodium phosphate dibasic (HajMPCj, about 475 mg/Liier; and 
glucose, about 10 g/iiter. BBSS is buffered with phosphate so that thesohaioo 
^!l- t?jaiit^i|j:itsph : 5^ol'0gfeail pB : -^or aimp^hsric c©n$&>a$. For tins reason 
I S It is the primary solutioh used in mz ymatio treatments of cells and tissue sod the 
fiuai rinse of cells prior to the suspension of the ceils # a complete growth 
medium., (BBSS is cemmarelally available from Sigma Chemical Go , product 
H-43S7.) 

The oT^opT©seryabon ptedMas baying: an electrolyte base solutions as set 
20 ^afeo^ are preferably buffed ^ a buffer^ agent thai has been approved 
lor m v>vo use in hurnans. Preferably, the base is buffered with hfebafee, c.g. t at 
about MmM. m the presem invention, the \>mm*m&mm®Mm 
momtmemm to mafeiaiu a cryopreservahou medium, solution, composition 
or ceil suspension at ph^ioloifeal pe. 

eryoprotective agents that can U.^^^^^t^i-^i^mm range 
from: naturally eecum^ glycerol, 
l^rop^r > c<n t« j^J-^t cols &n £f t$fy$xi$\t\-- C.-TS ^|3ir0 vC'cti v -^^^fits Citin ibt.- of £ib i x usi sis 
peo^raHiig mil vm^^m^mg^ Mo^^m^^m s*^^ 
;3S m\y: tfrs ft^elmg Simra^terfetic& of the ^trae^lpte m 

(^oprotec^e gan mpi^ fbotji the intmc^Iiular #nd e^irae^ Mar 
medium ^D3B|?0sitioi^ 



The addition of a &vaffi otes agent, to a cell gi^^sioii ean res tilt mi 
eel IpJar dajmge Mmt Mmdmti ptopmiy, It is well Imawn ffiM the addition of 
my sol ute changes the touiclf v of a sol titsoti M tm0^^ When cells are exposed 
to =:i 11 gh 0xira-c^ilulr o$mc>!ajity y a eel t ■ can expeii^ce rapS 
S water #1 lowed by a slow incorporat j OB of a pfiTetratmg cr^ep^oieeti^e agMt 8m 
to ItS: lower peo^M&iifty < Tims, the t(3iuinetiie changes renting from the fluxes 
of water a&d the additi dn o f a eT^aproteeS ve agent can. wmlt in daBmge the 
cells. Tissues and intact organs cm m$mmc& t sdueed <$!$ viahiiity and 
hi ologi cat activity wheit exposed tp suffieknily large step changes iv external 
10 oshm! aritf res td hug from improper introduction of a e r^oprotecti ve agent |Pejg| ? 

mm 

tfpi&Mf , inediurp coi>taiiiiiig ^i^opMservition agents are it^&eed 
hs&ig step-wise IsieresnOT m order to avaid Ml ylit 

o^Botfe shoete psociated wltH Mttgie-s tep imroduetion or removal for example* 

f 5 a yopresenMi on medium ean oe p repared l>y a la 
first create an 'Irjtejroediat^' eone^ntratioTi ami then slowly hiqreasM via a slow 
drip method or other mm I ar method^ to achieve a desired eoneeatMtan tjf a 
eTyoproteetlw agent- liremativ^Ij- a myoprmm&vc agent can be added wirfelv 
slow dnp niediod to avoid eel iiilsr damage. AMtioEaJS ^ prior to m teto 

20 of y hawed cell mspendoo m a medium of the present i^htiouv a 

ctyoproteetive agent can he • VemovM' r by diluiipg the medium with another 
Thfedm?ii tree of cryoproteei ye Igetits until a desired eoiiCMttatfen & achieved 
that Is stiitable ISr 

Kot on) y are large Increases in a medium or solution % osniolarit^ 

25 potenMai 1 v d amaglng, hm long mm exposure io mm low osl I eo^ce^Mtlom of 
eeftain etyo^SM Mkm agents ? su# as ©MS O* at room t^iperat ure can he 
lefeai (F^hy ei al 1 990). it is hell^ved a redtieio n tin: iemp^r^turc can suppress 
the kiiieties of oeM damage assoei ated; wi th exposure to a cry opxx)^eti^e ag^mt 
wMk* also ^ppt^ssing a ■"rapid^ perrsea^ a eelf 

30 ^ditiopall^ exposure of cells td certai n er^oprotecti ve ageuts (BMSO ifi: 
par#e^ia# Mm- :beefi associated with loss m cell \dahl h ty and ^ti^&y With 
ekfeMed Mpospe, BnM es toe ^uaiitil ceiln.br ch3J)ges iresiihihg 

.from exposure to a ciyopresen-aton agem stieh as ©MSCV these studies have 

16 



sho wed cell uim dainag£ that includes cytoskefe^ ct oss-mtehg 

M^tmmm^ alterations in membrane peimegbiMty p&hy \efc Md 
can account for loss m cell viability and activity. The toxicity of 
eryop^^ MMx m BMB&i has led to tfe dsvelopm^t of 

5 improved methods Ascribed be rem. 

The pM wy fmt<>m060n$ ilie eiyopmiedti^ Mtnre of an agent are 

pgndtfitffg ability, and (d) mtmcfe k the mtou 

tie preset hiventlon li m prefeed that only iTife&l^grade crvopratoei*t 
I I chemicals or sgerts are employed; f ftus, 

instant inventi^ gheeroJ> fcydoxyethyl starch, and 

hmnm mmm alb nniift : as these agents are suitable for ih&sldn or jry cctiori irito 
h^maos, &g r * intMihle grade. 
I%e |>h^ 

15 q f th eqiii liferirai freezing point of substrate a^id cytoplasm on a colhgative 
Mm* (b) depression of homogeneous m xmcmmn temperature, (c) reduced 
rate of 1 ee crystal growth due to etonge in fc v feoosSly and ihermal diffhsmty 
of the solution, and {d) deihydrati m effects on cells by osmotic action. 

20 eoUigative action withk the celk la the proportion that tile colhgatfve action of 
glycerol maintains in the liquid Mm at terjip^ratures; Below m 

:k maintai ned, 1 Ms avoid s an excessive 
K^^tistteo of toxic electrolytes in the mm-Mzm cel iular soimion. A similar 
influence a! so iafces place in the external sofei«v In this eontox 1, oolligatlye 

25 action m referred to as aedpn by an extraneoii^ so) uie, in lowering the freezmg 
point of the mkm on Itvcoittaot A^hh ice. If enough glycerol is present, the salt 
concentration does not vm to a eritiealiy damaging level until tin tmipmmim 
beconiesio low t&t the d 
thec^li$ + 

30 However, the use of $!^ceroi conGehtrahons Mm in greater «a$ employ 

a mulfrstep addition m reirioy al o f as desorihed ?te % in order to 

loss ©f cells, dueto esmohe shoefe 1 1 ik expetM that Inglier Mi 
n&MMm Mft & feervad with Iner^as^^M^ levels of glycerol 



although higher glycerol concentr&Uons can rsquits MdMcmal processing* e,g. v 
midtl-st&p addition; m removal to a cell suspension and require a slower cooling 
rate, Glycerol is used in the cmipre^ervgition medium of the present mvtmi 6:n v 

to about 20%, prefe&ly about D, 75% to- ibpi\% 
5 1 more pmfeably about ! % to about 6%, and even more preferably about 

Mon^enetr sting e j^opetseta^tf vary in size (mm hmnmtmum album* tt 
m large polymsrie sufestoees such as poly vinylpyr^ 
arabmogatactaiiy de&traB and modified Marches such as hydiftxvethy i March 

10 (HES], !t has be&n sugpsted that nan^peneimdiig substances act by some offier 
means rather than that in the eo&gative nteehamsni described abom ¥b$ r&ie of 
larger n*o I aciiles Is bebev ed to be dehyfeti w by osmotic action. When a large 
proportion of waler is withdrawn from the cells by means of an osmotic 
dil&reriti^!, less &m waw i& available for mtraeellidarte^ 

1 5 is often, identified as a lethal &tqr, 

Human $mm albumin p S A) is also classified as a «nptetraing 
c^oprotcetaBt, Human serum albumin is a sterile, non-pyrogemc preparation of 
sertim alhurcdn that cm be obtained by feetionadng blood < plasma, sorum or 
plaesntas from ivunM^ less than W% 

20 of th^ toM proM& HS A may &om^ 

sodh^ The sodium content is not less tten 

130 mEq/ii ter and not more that 160 m Eq^iter and contains no tnierohi ai $gMts> 
HvSA is used in a ctyopreservati on mcdmro of the pt^sexit iaventton in a 
eoticentrati on r atige o f ab o ut 0 $ % to ahoirt 12'Kv preferably aboni 1% to abo ut 

25 10%, and most pejfoabiy ^boni 3% to about 6% : 
Stem ciMs, mo^onucfc^r eelis ati&oto 
obtained front normal human dolors stimulated with gr^uloeyte-eoiouy 
stimuiat ing Donors mn M admini stered G-GSFv for example 

5 ~ 1| jtgfe Mt si period of l-S d^s v and m aphere^is prodtiet can then be 

30 collected. Genej^lly* an apheresis product is purified Mid rich in mononuctor 
cei!sv but if additional eel! purification or processing is desired, density gradient 

tfn|1eme^ed. 



worn/mm mtmrnm^ 

AiisiM^y^ other b^.fe]b|^i^C:;a#'$' 

aaa be &Md#ed from other Methods eiBploy teg positive and begat i ve seiectl <m 
techniques. For eMmpfe, ^etls ctati be obtained fiom manmvalkm bone ti) arrow, 
as frpjn feimte ibane in»f. eg,, by ce&trife^ 
S aud FACS procedures m descrifoed in Verfaillie €t ai.« 1990, This pmcedure 
yields cell papijlaiioiis Mgbiv-eer icfepi m human stem eel Is which are 
characterised by h&feg Lin' CD34*DR\ Other femat^ 
hayi^ CD3C popijiatioii disclose % 

tsukamatD el al (U.S. Faienj No. 5,06 1,620}.. See ate, Champlm> 1 995: Ngga, 
1 992; Preti et al, 1993; 

A, Davis Compaiiy p992} ? as 
we f I as a popilaii oil c*f C£>34 celfe Upon the IsoMqri and pwM eat i on of eel! 
15 the mite iim be added m saspejuded # the aryoprpervaiioH medmsn of the 

Final ceil yokt»^^ a eryopeseryation E^edium Is 

cells arid other hemopoietic odh Previous studies have observed that the 
20 viability of ceils which mm fmmn mi thawed can fee adversely efcted wlkatte 
eoneemration of ceils exceed a 20% cytocrit i.Nei, 1981). Tlrus, nrihe present 
invention, using m %$$txm mate ceil diameter of 20 the final cell 
eoneemratiori m a eryopraservatian medium s&otiJd not exceed about i x 10 
cells per ml of feeditim, -Additionally, & order to minimize the bad on the 
25 eardiovase^r md renal ^ystemss it i $ de#atefe to reduce die overall volume of 
medium infused into a human patimt which requires Bia&irn i aing the cell 
concentration used, Thus, stem celi mononuefear cell and other hematopoi #ie 
cell suspensions are prepared hi accordance with the present invent by 
providing a paptilation o f iMlaS&d and periled stem eel % motiomielear ee& mi- 
30 other heaMtopoietie cells, arid i^odtiei^g them into ^ eryopreBerv^tion medium. 
in &e pres« t M^ti#t l&e eel otin^ about 1 k 1 0 4 - 1 x 

! 0 4 ■ eells/ml; ^med&m, prelerabiy ^otrt 2-5 x K? cells/ml -^f medi im% and 
m^i pr^mijly 1 3 Ji lt)' eeifs/ml &$ mMmm . 

■if 



Wm sefcttpn 0 mi & mbmqmm fmim- 

Mm method, so as te rtmlt in 0p&mxm ^rvivai rate of sip* ee!l% 
cells and other hamatopo&tic ceils, are noi inlepeti i^nt events. Tie composi to 
5 of a partfcii^ medi tf m at which 

Crvop^ that do not peBetraie 

ll» ^ afpear id hay e a strong influence on the optimuriT 

dqolfeg rate 0^ Qjyc^ 

miportasH role m the eoofeg which rtmx iMMt cell survival is observed 

i(} Normally, cooling rates that ia^-sip^fe^fcM-tfe. threshold cooling rate 

for Mtracelluiar ice fonnation are preferred. latracelM jar fee ©ot$ Hon occur 
because iierc is msafficisot time for water to escape teti the oelfe before the 
eb^&inM; Sell water fmmm. With cooimg rates that are slightly hefow 
threshold cooling rate for in trsoel! hbr ice fhnmtMm, :^lt^J'tel^4bc: ffemis flr$t r 

15 resulting mdehydraii on of the cell which, togetMr with the presence of the 
ctyof«^ ice fetaatioo; 

A variety of oDoHftg methods^ cm be usM Ibr tlic cry of 
stem ceil, monomie fear eeli and oilier hematopoietic eel! suspeBsiofts of the 
Ms tot invention- lb a pearred emhodlniMt of i»eriSon 7 the coohng rate 

M tMt a eryoprese^ cell s^ensioii experiet^ 

the extTaceyuIannedium or solution has formed ice, is not a critical fetor, as 
stem ceils, mononuclear cells ® t ott» do not normally 

exhibit cold shoefe heha^ior, BoweVex- ouee ieeioHnMion Is the #ctr^aixkf 
solution has occurred, the cryopresemtti oir medhim of the present InvemSor* 

25 presents an improvOTertt current mediums ixpo^M to a variety of 
f ee&feg petJ^s. M previously stated, alter the ferra^Ioh of Ic^ to the 
^xlt^cel Mar rrjediurri, eTOe&i iteczmg methods employ a final coolmg rate of 
ahoot I *£imm whereas tile crj/opreseryatidit medium of the i mt mxi invtmion 
<m -M m^m m l&ste? .$01 tooting tm$ y prt imMf about 5* to 10 o C/mm while 

30 mamtaimhg aeil liability aod Mfevfeg higher eeii yield than eqovet\|toiiii! 
c^pres^ hie#ato e^oseci W tewxv M&Mg Methods, Cti^mi 

%mg ifce feezmg pmm, md pliimmely y i m mmk lower eel I m\M£ mm ite 



mediums of the present invention, Although DMSO mediums yield fairly high 
viafeilify ykM& ihp total ''011 #dut after e freeze-tbaw cycle or event is u^uilly 
lorn 

An alternative cooling method of tie iustapt nn-ention, employ 
5 cp^iMited eoolmg prior to the fcrmatldm of tee m an ^^trg^eil olax medium, in & 
p^f^^iii ^^o^lliwnl, i population of colls are mtspepded in a orppreserv ation 
m edmm m a t^er^r^ of about 4* to 37*C\ flowed to equi librae Md then 
cooted k a S step method. Step i involves cm I hsg .the eel! suspeuskm Irofi 
about 0*C to about -8°C at a cooling rate of about - P©m in u m . Ai a 

10 

no m %m formed m the extracellular soliiti on y Step 2 involves cooling the cd I 
suspension fern about -S°C io about -45' C m a eoolmg mte of abotit 
50^/minute, The emaedluMr soiuiioft ^puM fbrf.?i: ice during this step. Step . 3 
J ves- warm lug ilia eel I suspMstbu ten about -45*0 to abotlt -I2*Cat a 
15 wamim§^^ 

solution, e.g., ice ctysMs form in the extraMMter solution resulting m a release 
of the 1 mm hem of fusion. Step 4 involves cooling the celt siispensioE at a 
OdTitro! 1 ed eool vng mis of about I * to 2 WCMmmc m a fimd temperature of abo m 
-^G; Step S feelu 

■Ml about :3^C/T«intite to a in a! temp^t xm of mm -iOOX. 

Any volume of a cell suspension may be subjected to the cooling method 
of the invention. For example, 1 X) ml of a cell suspetmon at a cell 
£C$c^ 2 - 5 :>;; 0 celk/ml of efyop^ervatioii medium fu 

cryogenic via! s (Conibg Coster Sorppration, Cambridge, MA 02 1 4f)f y or I Q mi 

25 of eel! Mspeusidu at a eel 1 eonfeeairaiion of abmst 2 - 5 x iff cells, mi of 

cryopreservatiau medium in Cryoeyte TM 50 bag% may be employed. A 1 0 mi 
vM mm of a ceil suspension would be typis$J of that used m the ireezing of 
uaBbilkai cord blood or other ipmiunotberapy products, 

The Seal storage tsmperamre of a ceil suspepsiop i-k typfcallf d#£OTine*! 

30 by the gl ass Iranian temperature of the et$op?^rvadou medium > Thus, the 
f mm Um&m f Ibat a ©s$ f stisp^^iori MimM % cooled Mtm> the 
^gm& &ati# oftlie exiracenulai- : medium: m tMt $m ' 

suspension is completely solidified at the end of &m method. For the 

ri- . 



eryopresen ; anon mediums of MppmBmi Invention, the gia$s transhioft 
teia^f^rute; m between #&tmt ;> 70- to .4IS S C. : # preferably about ~W¥ : io, ~ 
120*C 

UncoiUrolted freezing refers to the freezing of a cell Siwoji in a 
&ry%>^^ exposed ta a MM low iempemtes : that has heets 

ptaeed in a mechanica.1 feeder c^p#Se of teM lempsmiTO e.g., - 

Bp or 43 P*C> Wm m^pmmm mU mm at a variety of cooling rates- d«e to fat; 

10 transfer cte^fedstics of the fezer and eel I suspension. Thus, the ibrMMon of 
fee iii the e# traeel lular niedium is not eomroOed, However, it m possible lot 
dctensvme from ths slojp of 3 temperature vers m imw plot, fits Ipprox;lmaie 
•cooJing rale after the i^nriaii on 01 ice in the ext race! I uiar ntsd turn , as indicated 
fey the MeaM of a majority of the latent Hmi Mfumm which is meas ned by 

if- theimioeoii pies and recorded on a data logging instrument, e.g., a strip chart 
recorder; Ilneoiitro! ted i vexing methods are popular In a variety M smaller 
iosptals and mi BTOpe, and in a variety o f clinical md Military appiicatkms. 



m the^e situations Is -typical 1 y performed in or - 1 5 3 * C rnceham eal : Jrceam, 
20 B i ocfeenrieal activity of cells is suppressed below A 53X. 



M a preferred exntedimen t, eel! suspensions are eoeled so thai ice erpt a! 
formation occurs Below the temperature that ^ouM catise dam age to the ceils, 
Ones fexel tfe spperiston is stored foe low the glass transition tem^raWe of 
.25 the most tins table ice Mm, For ainoQ>hons tee, this is preferably fee -16G*C 
Stem cell, 0iono?jiiefear ceil and other h^tiatopqfetfc eelf st%ensiops may be 
stored iod^Smtely prior to thawing. 

•f re feably^i:|ie ; thawing of a ceil suspension is accomplished by pkieing 
thfe eetl suspend on in a water bath until al ! ¥ isifiil'g ice crystal $■ m the: 
30 cryopressrvanon medium ha^e disappeared This thawing m^hod is designed te 
::psti Jt in :®m rapid thaw ing of the Set ^ and intended to rpip^&e 



iimm0iod, Fr^fembly, tile w 

37 9 ic> 42°C and most preferably at 37°C> 

$ptj*<fl&^^ rnv&ndoa, a variety offe v&ro assays 

5 can be performed in order to assess viability and percent recovery of stem ceils, 
rnMonucl ear cells and other li^iiEtepoieiic edb franr a c^dprsser^alion 
medium. Upon a or offcer 

suii^fe^ 

sii^ensioTi ea^ be removed and assayed 16 det^rmmc: (I) m^iifeiie iMegrity of 
1 0 cells using fiuoresc« markers, such as aendine orange f ;A;0) (S igrci a, St Louis, 

MQk ptopKiium iodine (PI) (Sigma, St. Louis, MO); (2) total ceil coum 

' ^bg a liertidcytbmetw; (3) proliferative capability of die cells iu a 

cidture siippiOTeirt^d with cytokines, and; 4} ilm cytometry fm 

cells that arc CD 34" 45"; 
.i.S Frm m-t&mtd samples o f stem ce ! L moiK^nuciear cell and other 

hematopoietic cell: suspensions in a cryopreservation medium are mixed using a 

Sjxmge to ensure ev® distribmioo of ceils, Aliqiiois from die sampte are 

reroove^^ 

percentage recovery M qeJis, 
20 To deicrotoe membrane iittegri iy using AO/PI, S # i of cell swspeasi oas 

#eitte^ wife oflMDM Equal otom^^ 

cells were goisit^ fZeiss /^cioskop, Gemiany^ 

Ceils wliicfa fltiafe^ced.:gr6ea were considered viable wherein cells tftai 

2S f| noresced red/erange were considered dead, By dcterrBinkg the tmM number of 
cells witM& a given regiotiof wits possible to deiertnljie a 

which when aaffi^^^i^ volume resulted in a total cell 
niirnher m a siispcnstdit 

to dcteitoe proliferative capability of cells, m Mq mi of cell 

W -mpmmm Ire c« for a nnxmics and Be ^pemaiaM 

removed, f fee p&fe is respspeMed m ^MXMmp. M^:<m^M^ of 2 >; # 
viable celisMl Subsequently, 2 x 10* and S'i 10 A cells are added to 1 m| ol 
&»oCidt™ (Stem- Cet! t«c4ft&log}es^ Van^*er> BC> ? mediyleelluiose culture 



medium for The mkte^ 

semnt {Gibed, Gra&d &3&n4 ]W| y hu&&d &ftd pipetted Into 35 x 10 mm petri 
di^&fF&leo TM pii.J.te#S- f 1^<I: m & air 

incabatpr Ibr 2 weefe and cotony 1mm ation was #t«riBked; Coiomes were 
5 seored lor ©FO-<3M:, CFIi-QEMM m& BFtJ-E and the MtM aiimbar Q f colonies 
are eourifed , The iotai colony Mmfters lor a. given seeding deiisity 
detetfeiried, lie percentage eatery tmmmy & determ&ed fey aiMdiag the %M 
njUMfeer of e^loriles eoMied post ftmm^m by &M oMaiiM in the pmAm 
product for th& same cell s&edfeg dmsity, 

IS Sfetlatiy* expenm^rits are perfemied on p^-free^ saiBpes as a direct 

control;; These assays pentht a deternm^fen of the total viable eeSI yield (Mtal 
viable RMpib^t of cells post toeze-tiiaw divided by the WM &Mr#sr of viable 
eeis pre feeze-thaw), the integrity, mid the 

proJiferative capability of die cells, 

15 The ^ esptess^ 

detemiiEed for both the g *^h samples tod to^it/tha#ed cells. Cells are stained 

lor CI> 45 fDafeo Corporation, GaTpiiitMa, C A k The fraciioms) of cells thai m 
CD 34" was How ^omefry: 

20 The invito wilt be ferther described hy the following exampk. 



Whole 

25 were obtained from healthy donors through standard vei)ipi5tfelure, ¥ehlpyHetd:re 
was perfcnried by the staff oi Vm University of Minnesota f tosphal Blood Bmk 
BsnmCmm mmmX Ixom all donors The mtire hait of hlood 

was ^eTi^fc|ed at 4500 g $)r 4 iHip^s at mam teinp A huffy ea&t \vM 

prepay 

30 ^pmxfe^ 

diluted whit m eqit&i volume of iMih&e^ Biiffired Salihe If W} 

(Celox Laboratories toe>, St. Paul, MN);. 
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wo mmm : vc tmmm it 

Mononuclear ceils (MNCs) wfere isolated xrom the samples using density 
gmdi^ntpi5^i Briefed 

#qieot oiMism^^u&f com was .carefully overlaid. The tubes were cemnfuged 

thrt c^li^ietl b^pip^ite :^l&#sr& ^a^4^ii|t 

tOO ml Iscovrs MMi fie& » (Sigma). 

Allots of the PBLb torn a donor with miieop^iysaceharictesk typpi 

10 (MPS II), also known as I !ur» 

wash m Won containing Mimrnai Sss^itia! MM*a f MEM, Gibeo) snppiOTented 
with \ % SIS '&> 20,000 units of heparin fSeheih l%^nae^ M¥) and 
D&ox^ A fter com 

tte Mils w^^^ A|M~¥ (GibcoJ 

1 "■§■■ sii|>plsiiiented with 5% fet# f?o?f ne mum, (14 nM L~0mmm and 
r^conifemant |nierletikIn-2 R&D Systems, Minneapolis, MN). On the 
iM day ofeui mm only, the calls were supptrt ented wih OKT3 (Ortho 
Efetwli, Raritau, HJ) to a iina! eoneemradon of 50 sgper 1 x 10 7 sells: The 
• cells were predulinred for 3 -days hi a U&cell bag (Itasr Healthcare, IteerficJd, 

P then inoe^laW mo the lumen spaeaof aholtow Ite Inoreaetor |HFBR ? 

€ei iMaXv ArtI fcM C apffia?^ Modife for Lympboeyt : es ■ CMteo, Gen^M^w^, 
M^^With : m: tola! lumen volume of H ml 

Aier 24 hmm> f te cell were transd wed Willi retro vinii vector L2SN that 
comained the clSM^ encodi ng human iiniler the 

25 iranscrip timnt regul alibis of the LIE and the neoniyciii phosphotransferase gene 
regulated hy the simian virus 40 (SV40) early pmtnoter (Part 1997). The cells 
were « fenr days, After approxim^ly 4 day^ 

p£ mMm in the HFB R * the ceil s were harvested and inoe a ia&d into a HFBR 
with a tola! imm y^feme p f 60 ftft to pemni inrtlw e^p^nsioB of iM 

th? larg^ IffBR and to Jtamst^. hashed, and adiniiust^ed:p a pan of a 
elmieai IMmf trial Ths tola! protocol 

mMm If ife inediimi and large HFBE lasted 15 days (Stroncek M al , 1999), 

25 



€MM mm^ms of tM speciSed dose ibr the c-Ii^Ical trial were; used in the 
foUowmg experiments. 

f&ks fern: iioimial #$$r$- activated using a : hm£. pm%€Mm^0^ 
5 ciMmz- The I^BLs ohi&iped ffioBi gtadie&t sepa^ 

fa AM-V (Oifeco ■)■ at ateity of 10 x 10^ ^olk/irai in atmaJvoiume of 1 00 mi. 
1% culture mMtm wai^ wife rhfL-2 at & c^^^ 1000 

MM (Ghten). The ceils ^em incubated for I 8 ho ws m %VC. and 5% GO^ 

10 Ai.M-V outers medium) without exogenous addad to the cultures • 

The pespafrss of the M!M€s to a fee^Mkw^ 
it»y Tte MNGs were 

centrifuged at S0G x g for 1 0 minutss and rest&pettded m a selected 
I S •cryopTO^'rvation soltrfi on. The final pre-ffieeze cell concsntrntion w as sped fkd 
to be between 20-50 x 10* celis/M &f HCs were in 2 ml cryoviai s (Ntae, 
l^pNII MJ) m er^ volume of 3 0 ml) , 

lOmlof^ep suspension was transited hito a: 

Eoimd Lake, 1L }m& sealed (S e&ra Tube Seafer, S^bta, Tuoson, AB), The fmg 
20 was pkeM in a press and placed vefticai!^ m a eonlmiled rate freezer (Planar 



Ite tes w^ frozen by coaling the sample ffeni pom lemperatiire •ta 
PC at i (f^Cm mute. : Tie samples were then held for 3 5 mlniites to p?ht?ii 
equilibration, The sainpte wem then cooled at 1°^^ to 

25 SO^miimte to -45 *C and: allowed to warm at 15°C^minute to 42 *C to fad litaM 
seeding of tee &*: the exirae^lluiar solution. Tim sarnpta were then, frozen at tfe 
speeii ed x^Et^; : -#?/(i to 1 0 o CM a tOTp^atMn- o f -SO^C , then at a rate 

of 3^G/mmute from -60"C to -1 00*C. Alter reaching - 100%: , the samples were: 
the opnirolledT^ fmmv and piaeed In & liquid m 

30 iewa* p^M X:LC*23 CI MVE,Sld^ At a t km M W. ir^aier to 

6 months w^ith M average 0 f S|?pro%lma^!^ 3^ 'w.^fe^. the pells w^b mni<yyed 
from storage aad tl^ed. The sampl e was placed in a 3 :?*G wafer hath mi 
gently agi tated until M i : - vmM 4 fee c rystals had disappeared;, Ihe tell & were 

26 



u -ansfered a stMIe cenirifege kibe and an eq&al vo litoe of liMBM was 
added to the cell susp ension to dilute the crvi&pr^ 

Additional studies were: p^rf&rmsd to determine the posMhaw viability 
cells Itozen m a mechanical freezer (-BifC). For these studies, approximately 10 
5 ml of eel! suspension in the solution of interest was added to a Qyo-Cyte 50 bag 
(Sate: Deettreld, iy, Il^feag mm 4^m^W^^0e Sealed ^uoson, 
A^), plaoM ift a bag px^ss and Inserted fete a Metal frame located in a - SpC 
•wee to R^ehestenNY), the metal feune was 

placed vertically In the -80*C me^i«ca! feeder and ^potted M iM M ttont % 

W a $M3d made tvf %ro:feaiii. The fanie eoMafeing t he bags and presses tot 
|f$ contact with fee bottoms, sides or top of the -EQ-C feeder and no other 
pmdiicls wore touching the ra&fe eoatainlng the Bags torhig the frees* tig proeessv 
This protocol Was developed to reduce ^pconM from the 

SMpM and et&anee the reproducibility of the freezing protocol For speeii e 

15 exppiteei^s, t he hag pmss was inflated id reduce the cooling rate of the s topfe 
in the hag. Bags eontaiB&g the cry opeserwion solutioii of inteie$t (but no 
ee! is) mm mtrmmM with theroocoiipk^ the temp^mlpe p a function of 
time for each sainple was recorded m$ toiled after e^pletion of fee feezing 
process; 'The cooling mm that immmMM m& insulated 

20 hags was approximately and 6J*C/mmute. This range of eooimg rates 

Was Mm|?axahle to ffiose tested wmg the controlled rate freezer. 

immediately post-thaw, the viability of the cells was detemiined usin g 
fluorescent dyes (Aendme orange and piropidimn miim, AO/PI}. 

25 ^proximately, 5 fit of eel! siispension w^ di eted with 95 ^1 af IMDM, Equal 
amounts of cell suspension and ADM m\\Mm (Sigma) were added and t he 
sample was placed on the hemoeytonieter and counted using fluorescent 
microscopy (Zeiss); Samples that fluoresced green were considered viable while 
ibam cells that were red/orange were considered nonviable. By detertrnthtsg the 

3Q lata! ^timber of cette within a given region of the hemoe^nte^r^d, the total 
PW*er of cells ^dead and alive) was detennined. 

Tbe viability of the feo^en^thawed cd b \v as also detertnmed 48 hours 
pos^thaw. Previous studies using i>e$ltly isolated e 

•77 



If aMiii etihdfeii a&ci transduced, indicated 

that the post-thaw viability of the cells was &t-itS minimum at 48 hours post-thaw 
| Slia?ika^ i 99?\- ITius, the viability measured at 48 hours post-thaw is the 
ia4to expected, f he p0$t-&aw m 3 tees were perioOTed by taking 

S ippraxro S x lit cells fron> the cell- s^spiBion and peliettfig the cells at 
SOQ x g %r I mnmte, The supernatant was n&Sk*^ ■ W ■<&■ I ml &f 

culture medium eomistbg of WMt 1 640 (CSibeo) $0ppiem€iit^d whh 5% fetal 
bookie serum (Gibcc) and 20 mM (pME). Aliquots df 200 

|i! were irtosffetiM id triplicate wMls M a M*well fesiie «iiiire pjale fC^i^r 
50 Cop , Cambridge, M A) ami incubated at 3$*C ami 5% CO, .^^^fe^fe,; the 
plates were removed iMm the i ncuhaiw. The cells . wers res^pe^d^ usi hg a 
pipette ffid the yi&bi Iky and total cell wts deiermiited using a hemQCyto^der, 
fiai&^ 

Statistical analyst of the data was perfoHmd usmg Stat^iew 
! 5 i S AS testitote, Gary, NC), Vja&Hty and eel i recovery Were MialyMd: us&g; m 

tfe? develapmerit of a cryopr^^Mti® pratosol for lyniphoeytes to 
20 solution containing AG requires the Mm* teflon of $Dlutfe composition and 
idling rale for these ce!;!^ The itjftueuce of composition changes in the poit- 
thaw viability of lyBip ho^ytes using dtflfermt 

solutions (Tabl e 1 } was determ itedv The epiimum eoHeeMrati on of AG was 
determined by starting with a Mlntian containh'ig 1% glycerol M IMtJM and 

25 varying the AG eouet^tira^^ item Lmm Corp,, 

MK),- The coolirtg rate for these experiments kepr eoMta^t 
,(5* fiM^uti|: The over al I recovery, d&Stied as the ^Miher of vi able cells 48 
hours post-thaw divided by the number d f vi able edls iuuiafly as a hu^tfon of 
AO e^ees^ratio^ wm deteotvined (Figure i), fhese results mdte 

30 cot>bt% ra^ and gipet&l : tamposhiM: te$ted, 15% AG was the eoiiceniration 
associated with highest survival for the soJ utipii eamposidDns tested, ll>e 
diifempe iri overall reeove^y betw 1 Uv 15? arid 20 w/y% AG ^ere i^arg&ally 
sfeHstieaiiy stgnifieant i$N0< Of 0 1 "K This composition also permitted 
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■c^i0ug^<>&-pi. the eeik, filtration of ihfe s^tftion trough 0,22 jut? filiets Cor 
Meri|i^i#ft and ripM i nio saiuiioti during foniitilati^> 

Thus, fmm both a sotoioi proee^i^g mid po^hmi proe^sHig stendpoiint, tMs 
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HSA* in the 

25 cryopresbrvatlon of hem^topoieticx^Ife is well documented. TmdidoBalh, 
• : ^QiogoM' ispusi <^MS ii$s$ in cryopreservation solutious for 
teTMopoi&ti& ceils. Nevertheless^ autolsgoiis serum rriav foe rexiiq ved during er 
■w mmHpuiHtton of eateired, g^etioally modified cells. M^mmm autologous 
serti^ for use i n cry o ceiMar tiierapy 

3 0 to certaio diseases, or due to the preface ol ^residua! driigs, Aiiiough MS A 
ffie most I^qu^o ijy used source of protein it* wyo^ vxhm 
mmlog^m smm is mt avaikbie(Rowfey > 1992) , this source of protein t$ 
relatively t^mmm and mm represeiit a po tmiM source ibr the *}f 
disease agents as it Is manufactured from pooled s^urees, 

35 To determiM the d|>tiutgin cdime® ration of H§ A |n a 

solution containing AS, and m^etiier s 

ep^if arable $ur^ :iM| to |] lose eoniaining ACL two dlffcreiii co;mpositioas were 
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glycerol with or without 1 % HSA : For a coolfeg. rale of S^C/minute, cell 
recovery m & pmciim M HSA eosr^dsst^ tw^ soiirtloiis 

of interest (Figure 2), The differences m overall recovery with and without HS A 
were mi SMMicaUy significant for &pi& ; glp^t M f 1 ) and :f ft: 
5 glycerol (pKk91 36), These rgsiite indicate that solutions containing AG do not 
require HSA. 

As lh&$ate& is conMdera&le interest in lymphocytes for 

hmmx &pwpm%m potposes-. Freyioas-s^dies^ave itsecl a tissue cukure^ 

If showni^t 

fee used as & base for cryopteservation SQlugaiis (Fraaer r 1 998). To cqmpsrs i!ie 
.'post-thaw viability for solutions containing 1MDM mii Noimosol-R 1 *^ a 
solution spptQ ved for iTtimaa mftisi on df PBLs, PBLs were remxsp^d ed a 
solution eo^tamiilg 3 v/v % glycerol t ■ 15 w/v$^ AG and IMI3M m Novmosoh 

15 R YM as the base of the and frozen, The cell ree&vety 

for the splutioiss using the two different bases was slightly higher for sokuions 
coining Nomiosol-R^ (Figure 3)> The differences in viability were 
determined to be statisiieafly di ffir^t (p^{L066S) , These its mdieMe that 
using |^orn^ol^ M restii is in higher posMfeaw viabilities. 

20 & many hospitals or clinics, controlied-rate freezers are not available. 

Cells are typically cryopr eserved in mechanical freezers { - 30°C) using 
uocontrolied eooiing. The coaling rates in a mechanical feeder at -§0*€ are 
eompsiabfe to those used in previous controlled rate experimei^& (I- 
?*C/rninute^ The cooliiig rate achieved for a I Q ml sample in a Cryooyte bag 

25 eoitfained m d&scefced abo ve was ^a^^^^igelty 

6°0mtote. If MdiiionM layers of msidatloit were a<!ded, cooling rates of 4 m\& 
l^CWiry te could be obtained; 

T*BLs tesnspen^^ 3 v/v% glycerol + 15 : wf¥$ 

AG ^ N&rm^^ frozen kv a 4ft^C Tie samples 

30 w^e feen in aabsukted or lightly 1n#S aied bags to aelii eve a rang^ of co^lmg 
Mm Wm^mM^ to that studied in the eontrolied rate slMie^, for 

cdmparisoQ, eejis were afeo fmzm I d 10 v/v% Me,SD solution, fl*e postdiaw 
cell reeoyery ;of peJIs frozen ai iniatelv 4^naintite 34%;) -mt 

.30 



comparable to feat obtained wing tlie same solution \ n a cos^Ued*rat£ frmmt 
eopiiag rate of S^Gfeinute (95 9%} ( p ^ : 0,702), Fre&diigof the PBLs at 
a It iglser wofog rate (S^mi nBte) ml uees §m eel! twvs&y dbssrvfe! 
s.igriifkanily(p - 0:0 1 5 J (Table 2). The cell recovery using the AS>feased 
5 eryopres^ sofetioii was compaMbid M thai observed wfren &m 0fkMmtp 
ery oi?T^served m 3$ v/W& %l £ pec fe^r (f> 1 1> 

Ti^ t#tite indicate iM lhe sqiMions can fee use$ m medtoMl and 



10 Table 2: Celirecovery for FBLs irom nonnal dolors cryopre&erved in a 

mechanical freeze at -80 C 'C using different solution compositions and eflfectke 
cooling rates. 

Solution Composition (^C/rptTuqe) {%) 

15 3 v/v% glycerol -r 15 w/v% AG * NorniosotR 6 45 ± 2 (n ^ 3) 

3 v/v% glycerol * 1 5 w/v% AG + : Noroiosol ~R 4 101 4b 24 (a » 3 } 

10 y/v% Me ? SQ -KI MDM 1,4 100 + 26 (ft ^6) 

* 1 • Approximate cooling rate based on temperatme recordings 

20 

Table 3; Cell recovery for co&trol cultures o 
a^preserved using two different protocols 



Activated Ceils Go mrol cultured'* 

8 



25 Solution f C/mimrte) Cell Recovery {%} Cell Recovery (%> 

13 w/v% AG -r 3 v/v% S 74 i 0 (n - 3) 62 $ 1 (n - 3) 

glycerol + Nprmo$oI-R' rM 

PB&s eudtdred Without mm^mm ii-2 #*e sam§ ^eiod of ime as the 
30 activated feeils. 
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Table 4 ; Overall recovery M ^mm^m^ g^stic^ Bodied PBLs from a 
iotmr with MPS II and fresftiy i^ol iated Mis fell tiormai dimot 



Patients with Normal Donors 
MPS It 


Solution 

)S w/v% AG 

1Q%DMS0 


:# 

tDM 


1 

C rpinutet Cell Recovery \ 
5 12.2 ±oV3 

i • 51.7 -i- 32.$ 


[%) Cell fecovsry (%) 
80.8*15.7 

4; -.t -3 



Immxi ftotberapy protocoB in d^vdppm^t and clbical use may teq m££ 
^m^m Mmt M the cells for act i vMcm at other OTdlicatoas, lb test & 
fee^i #g response of ^ m Uvo c ill tore > two 

IS 

of 1 ^OminMe; and (2) 15 w/v% AQ 3 v/v% glycerol .+ ■ ormosol^^ witli # 
eopliiig rata 6 f 5°©mij|ut<?v Ceils from the same doti0? wer^ divided into two 
different aliq fels, The cells from the fet: aliquot were cultured m $m same 
media #Moiit the presence of exogenous JL-2. mmnd aliquot was 
2£J activate ^ fter I S ft ours m vim 

mMxrm , both samples were resuspe^dedin ifee cryopreser valion Motion of 
Me^si and frozen . The cell recovery ^ 

f&&&& These results MdieMe tftattfe diikreneo 
m m pm-^rn vkhri^ |. n coni^st, if 

23 Pits are cry opmserved freshly isokted or cultured for tee days uslpg tfae 
protocol described prwiously, the poMthaw viability <^f the cells merease^ for 
both o f the pro tocol tvafaaied pigor e S) . 

Eeeerrt sttjdks suggest iJia£ culture of femMo^oietic eel is 

CJeaeticilly modi&d cells from donors with MPS It w&re eryopreserved usm& 
sokmoas described above with cells ftpm normal: donors, the overall J^a^r^ 
M ge^^tlcaily ^BOdiied cells &m donor willi MPS that 
0bs^wed Tor freshly isolated eel & .from a no toai tear {falsle #■ order to 
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determme if optimal freezing conditions are differed ior the genetically 
modified cells, MdmoR&I samples were crwpreiservM mmg msMsig mms 
ranging Seteea I mi I WC/m i Wte > The poslthaw eel I mcmmm observed 
using Itk? range of coaitag rates smd&d wm% no greater i!m oSset^d at 

ittemased i^ostihaw cell reco^ ± 43%), 



25 



from «0muVi donors wife i|>fbrmed coiiserrt approval fmm M&. local 
Institutions! tevkw Board, in order to raniava com as 
well as auiologops plasma ifent the sample to foe feseit, the prodxi ei was pud&ed 
tising a deimi^ gMdi 

(Sigma, St, Lmm MO) was added to a i 5 ml corneal tube. The product was 
diluted in a 1:5 ratio witlipi^ layered over the 

Mistopaqit^, The tabes eoi^Mriitigibe apMreis groduci and Bistopaque were 
spua at SOO g for 30-45 minutes, I& lOTd o f mononuclear eelis at the liquid- 
liquid Iiiterlace ^as remo vM md used mt fee mbmq umMmmg experiments 
afNsr <Kie step wash . I^e resulting moBOBuefear cells were tesuspeuded In lhe 
cryof^ md placed; & either a freeing vial 

(CryoviaL Nunc, Mapiervllle JL| or a bag (Cryo-Cyie, Ba^er, 
to a finarcdll^ 30 & ICS ceits/r&f (range 20 to 5Ss 

!0^celis/ml), 

T-Jie soliili oos tested eoBtsfecd IMPM siipp!ementc<i with AO, I umad 
serum alliumin apcl glycerol in various co^emtmttoTis 



Ate edrojpletion of the ieesmg process, a! I sainpl^s were rettioved from 
10 fee placed in a llqui d Bitrogen storage dewar (Model 

XLC-230, MYE, Blo^mmgton, MKQ; At a n%i of m greater ihm 4 ■•months 
wnlt aii garage of appro^iniatei^ M week &e ceils were removed ifem storage 
and thawed. The thaw^ig of the sample was perfbmsed fey placing the smiple & 
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a 3-7 °C water bath, imtil all visible io« ei^st ais had dis%|^arfe4, lie &tefeg 
pr&loca! develop^ 

Intended m immmm ma^&Mimtim or osmotic mjury experienced durmg fee 
rewamiliig pfease of the protocol 

A variety of i^fiiif assays was performed s» orde* W ^m$m tM 
viability and peTeeritage reewe^ stem cells< Ate poft^ ffiaMag 
pr0tQc«ls y the sample was mixed um .g a svniige to Msure feVeri 

dislribmiim of ceils, Aiiquots from the thawed sample were mmov^Md; iised 
I f ' to detetmiw ( I) membra^ integn of the celb ^sMg Suoreseertt m^kefe • 
Aaidms Orange (AO) Mid Fropidiuni lodme (Pi); (2) total cell eou&ts usiiig a 
temocytometer; (3) proliferative /capability of eelkin a meftyieslkiose xiatwe. 

Briefly, i a order id d^tera to metnbrtoe integrity using AOM, 5 ui of 
celt suspension was diluted with 95 ui of IMDM, Equal amounts of ceil 
IS ^uspeiisioria^d M)fPt solution (Sigma, St Louis, MQJ were added aed tte 
sample was flawed on tbe fteiiiocytoiiieter and counted nsing fluoresced! 
Mpi&mypf. (Zeiss Axio&fof) , Oerma^y)> Cells fhat jfeotMced green were 
eoMdMed viafele wftiie ibose eel is were t ed/oraage w ere e0ti$idered dead >, By 
detemiMing the total xmrnbtr of cells witbia a given region of the 
20 to detenmoe ffie e^M 

Multiplied fey tlie total vo liiti^e rexpits tfee fetal call jmtiifc^r M tfee sa^npl 
f&o^er ^ 

sample was spxm at 500 g for 2 minutes and the supernatant removed The pellet 
w resissp #ded irt M to a ikal oooeeteatioii of 2 x I ff viable eelistoiL 

25 S^bseque^ey, 26,000 and 50,000 cells were added to I ml of MeihoCult (Stem 
Ceil Teeliiiologies, Vancouver, BC), methyl for stem 

ceife The mix tare was suppieTiTerEed with IMDM * 2% Fetal Calf Semm 
(Gibco, Qrmd Mm& N¥), mixed and ptpetied into 35 x 10 mm peiri dishes 
J-F^ Th e c*il imm w^re t^en placed in a Misted & 

30 ioe^feator tor 2 wMs iii colony formation was determined. Colonies were 

also wuated, &r ei# § f data ref^senM^ total eolotiy : ^itmi)ers'lo^- a^ 
giver* seeding d^shy was d^terniined; A similar set M ed}6?*y assays ws^ 

m 



perfotrned on tM rpm^cm. simple m^M^micm^oi^ The percentage colony 
re^very was : dCffecss*tip^ the total number M coloiifes eoimted post 

#ee^-thaw % that <Mmm& in ihfe pt&itssm produet for the smm Cf II s^Mlixg 
These m$&f& p&rmitiM tSe fee«^atfeii of the total v iable eell yielcl 
3 ipi&l viable tmmber bf. Mis posi tegNlaw i^ fey tte total rmmber of 

The ^Mts #&wn in f $?fe J lns!k» imt hetoMopo tetfe pn)pnitdr cells 
10 e« he e$&c^ in Mliftio^s cotiiaitiing MQ\ 
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% MNCs viable 


1 ;"„ ." ... ' : — 


5 5% AO-}%v/v : 
HSA 






,24 « 


J5%AG>-l%v/v i 
giycax>!-i l%v/v 
HSA 









m hmv Qf u mMion is tissue cul ture medium, IMDM. 
20 ■^■itota^--«<|m1^-^£ e^uies positfcaw divided by ffic total number of cofetiies 
ohtafe&d from a fesh sample torn fesamedOTor. ''the s^d&g density for the 
colonies \$ 50 y 00£X 



wo oi 45503 ^mmmm» 

tmm : M m Eiood, m 781 ( l#90|. 

24^-268 (19%). 

Fmsse -et at, & $^&0m,A Mi (1998) 
:5 MmM!, Iliiisi, 3& ! 40 (1999 ). 

Koet%et 3?,, HtoaMcsiieuie, L 330 ( if 95). 

i&if*et^ ma<m), 

iM)^^ J Viml . 72. SS73 (1998), 
. 1 0: Nei. QgaSMm*. i& 229 {J981 i 

Msgs, ^MmHtoiliempy* 3 (1992}. 
dfero«to<§t ai./Iiiaji^a^ M> 578 (399!:}, 
Pan. Mi. D, lliesiSj Oaiper^ty of Mimseseta (1:997); 
Pegg, f^j&M&gg., % 4| I (I 9?2). 
IS Frett et al, l^iBaioitepy s 2. 103 (1993). 

Rosenberg et aL M , Jiigi i X.Me4, 114 889 ( \9B7&) f 
Rosenberg et at > m&igLI.MsL, M£ ;, l676(19S?b) 
feseiAeil et a3,;H^gLl.MM,, ill. Mis- (1985).. 

20 : '^^^%JSm^Sm^- i: s 2 33 . (1 992) 

Shankivr ei aS„ lwM» S 685 (! 997). 

Slmncek et 31, 343 ( 1999a):. 

Stroncefcei al, IraasJkiioii, 31, 52 i (1991). 

Torpey ei ;Cp% : temimil,. ami ImimiiigpaliLs 303 ((993). 
25 TnckeuetuL I. AIDS ia£BjlgiJ^^4^ 129 ^998). 

¥ertai!Be et al, J3Bxp.M#,. 2(2l. 109 (1 990):. 

Zarobelli et aL Anticancer R&i., M470S: (1 99S). 

It is imctestooti that the aboYe;cfesCiRiiti©n (s fetmded to be illustrative., 
not restrictive. Other cmbodinicnis wall be apparent to ihono ofsbiii «s the art; 
10 gi : v&}tbe/^ T he scope cube 

iiiveiiti^ 

claims, aloBg: with ?he full ;ise#e 0 ulvaieats iQj Wpfsh suefe claims are entuied. 
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All relereticed p \MiMtim% patents tmX p^^$ 0®mmmM iai^i4M to 
M w^orpomxM by rdstmcz, as though indradtiaSly insoxporated by reference. 



■; ymm M CLAIMED Mi 



•i;. A cry0^s^#i m medium for h^afepoietlc cells tempri$mg 11 
baiajicea digctroiy^ sofittio^ t^^mmixm $gmihM 

5 o^0pr0^ici^e agent is ^rmm m m ambuni iiM mmMs m u imrm si mfe 
for the cells. 

3. The of> « of claim 1 that coxnpri s^s amb i&dgal* tail 

4; T fie eryopr^ iiiedihp of claini 1 ferthef con?|^ri§iB| t 
crj^^ that penetrates the dell smri bmne. 

15 

3 . The er^ep^sem^ori medium of cMm 4 

agent fct f>etie«CE the cell ^em&i^ie glycerol or prspytoe glycol, 

6> The cryopresen's^iioiT medium of claim 1 fether ^ompnsmg a 
20 c^ or a Mologieai or lunciional 

^qu feafeot ft tof wfficlt ioci not penetrate the cell moxnfermic . 

7 : The cryopreserv^tiou medium of claim I which does not comprise 
prolem; 

25 

>1 The cryo^F^er^ation tB^feti| M <Mm $ Mmh U infusibie. 

& He • £0^ s ^hlcfe does not comprise 

M 

M 



W0 |>Ct/t^ 

11, 1 whemfe tfoe Mis am human 



j 2 • £^ $£Mfe cells 

X X 'the cxyopmmMm mMmm af cMm I. wlie^in. tbeMiiMto^fe csifo 
fejily IsoMsd stern ee! i % mMvmzd iymphoeytes, ptt4iica3ly 

THoditleci iymptocytes* or a combination thereof 

1 4 A eampokitkn suitable for aimihi stMion Sq a humasu c^OMpns ing a 
$uspmsioit a f teiatopoietlc oels in; s ct yop&^^ i^edmm comprising a 
Ml m$eA eteciroi^e solution &eor|5C5rMiTig M M$M®m &t yop rotecti ve ag&rii that 
is arabuiogalactan, or a bitjjqgicai or ^netiafial equivalent thereof, 



15. A disposition compriskg & suspendor* of feematopoi Mb cells in & 
crjmpr esir^atta jr*edf tim eomgnsimg a lptoe£<i dec»lyte solnfcioii 
ln#^pmtm| m feast one cjyoprdtecdv^ agent fmt k ; 
;>glca!ofl 



I€ Tte 15 wbemin the cells sre peripheral Wood 



17. The ctmiposition of claim 14 or I S wherein at fest one of the 

i% The eoiB|>o$ittoit of uim 14 or 1 5 further comprisiiig k orydpmt^iye 
agent that penetrates the eel! memfom^ei 



30 1 f, 'fie composition Df elafci IE wher^ih the CTVqprote^tiv^ agem &# 
pe^ettates the s&fj i^m^mM t s glyeerpl or propylene glyool 



The composfti od o f claim 14 or 3 5 further compjismg a qryoprotectiv^ 
igMt WMf ihMt arahiftagaiactan or a biological or toetio^l equiyai ent tfeer^of 
which does mt pm^m ^ <M mmiibtmm, 

21 .... The q^mpasitlan of elate 14 or IS wMcli do^s act comprise protein. 

22, Tim mmpoMm Mdtmm 14 or IS which % iifesifefe 

23,. 1 5 which does not comprise 

24. The eoftiposman of claim 14 ox 15 wherdx* the oc|i& are humaii cells. 

25". The caMposMo& of claim 14 or I S wherem the hematopoietic celts ate 
isolated lymphocytes, stem eeiK activated I^iphoeytes, genetically modi lied 
lyftjpfepcytes, or * cotiibination thereof* 

26; A .method for pres^ cells oo^pt^img: 

(a) contacting the cells with a eipprMery ati&ft medium com|?iismg a 
balanced electrolyte solution aM at 5 east « cryop^teclivo ag^t 
that is arabmogalactaH, or a biological or teetioi^i espivaletit 
thereof^ to yield a cell suspension; and 
Ci| freezing the cell siispcasion to yield a froz&n cell suspension, 

27. The method of elahtt 26 litfth er comprising thawing ilte feidn cell 
s^sf en mn Mnder conditions that ^a&taiti eel! viability, 

2 8v The tHe thod o f c l aim M ,:%fe€^^^ift^^.Geife! are hMvifr cells , 

29, The cells are fieshly isolated 

Ijtophooytes, stem cesi 1% activated |p^f^y^?> g^iiM% ^^ifei 
lyrnpliocy tes< or a eombi^ation thereof 
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%(k Ilie method of dato M wherein peripMr&l Mood 



5 leasi orie cryoprotectl agt^t that is arafeteagal adm>> or s feioiagical or 

.32. A frozen i^matopiQietic e&!l-<mt«^ aceotfmg in 

the &la$m l& 

10 

33 , The ctyopreser vatioii tmM um of clmm 5 wherein the 
agent that psfletr&l&s the cell menibmne is glycerol.. 

34, The mmp ttsmv tmMum of elata 33 \#erdn ^ he eoBceniratiari of 
15 glyeero! i s M?Q&t 1 % to about 3%, 
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